SUMMARY A battery of psychometric tests was administered to 85 patients with epilepsy, of whom 26 were untreated, 40 received carbamazepine monotherapy and 19 took carbamazepine with another anticonvulsant. Carbamazepine alone had little effect on performance, but carbamazepine polypharmacy produced significant impairment. Increasing concentrations of carbamazepine (four tests) and its active metabolite, carbamazepine 10,1 1 epoxide (seven tests), correlated with decreasing performance in the monotherapy patients.
Since the epidemiological studies of the 1950s, an association has been established between seizure disorders and neuropsychological deficit.' 2 The complex relationship between fits, cognitive impairment, psychosocial difficulties and underlying cerebral pathology has been the subject of several recent investigations. 3 The tangle of causality between these four factors has not been fully unravelled. Since the first controlled study of Reynolds and Travers, 6 there has been a growing body of evidence that a fifth factor, the presence of antiepileptic drugs in the brain, contributes independently to disruption of intellectual functioning. Thompson and Trimble7 and Ludgate and his colleagues8 have shown that patients receiving multiple anticonvulsants function less well on cognitive testing than those treated with monotherapy and that reducing the number ofcirculating drugs can lead to improvement in performance without producing a deterioration in seizure control.
Patients taking carbamazepine appear to show less evidence of cerebral impairment than those treated with older agents such as phenytoin or phenobarbitone.9Y'1 However, Macphee and co-workers, in a recent series of studies using a battery of simple psychomotor tests, have demonstrated that subtle derangement can be produced in naive subjects following a single dose of carbamazepine, 12 in patients with epilepsy given a single supplementary dose,'3 and in patients on chronic carbamazepine monotherapy. '4 The purpose of the present investigation was to examine more closely the relationship between carbamazepine, its active metabolite carbamazepine 10, 11 epoxide (CBZ-E) and psychomotor and cognitive functioning in patients with epilepsy.
Materials and methods

Patients
Eighty-five patients attending the epilepsy clinic at the Western Infirmary were studied ( replaced by a second after 100 ms. In the second display one box which was previously shaded is now unshaded. The Gillham, Williams, Wiedmann, Butler, Larkin, Brodie subject is required to indicate which box has changed. In the first example there are only two boxes. The task makes increasing demands on the subject's visual memory as more boxes are added. The visual span is the highest number of boxes in the display before the subject is unable to identify the change.
(11) Sedation Score: Subjects rating of level of alertness using 10 cm line where 0 is "nearly asleep" and 10 "wide awake".
(12) Side effect Score: The subject is presented with a standardised list of 15 side-effects associated with carbamazepine therapy (for example dizziness, diplopia, nausea, headache). Each one is rated on a four point scale as follows: 0 = not present, 1 = mild, 2 = moderate, 3 = severe. The individual ratings are summated to produce a side effect score.
Tests 2 and 3 were carried out using the choice reaction time facility of the Leeds Psychomotor Tester. Tests 5, 6 and 10 were developed in the Psychology Department at Stirling University and have been standardised using normal controls and alcoholic patients. They were administered using an Apple Ile microcomputer. Tests 
Results
There were no significant differences in age, in years of secondary education or in duration or type ofepilepsy between the three groups (table 1, ANOVA). Patients taking more than one anticonvulsant drug had higher circulating levels of CBZ-E (t test, p < 0.01) but mean carbamazepine concentrations in these two groups were almost identical (table 2) .
Monthly seizure frequency and scores for each test are shown in table 3. ANOVA revealed significant differences between the groups on three tests: forward digit span (p < 0 05), sedation (p < 0-05) and side effect scores (p < 0-01). Multivariate analysis gave an F value (Pillais) of2-01 (df 2,26; p < 0.02) showing the discriminative value of the test battery taken as a whole. When seizure frequency was taken out of this analysis as a covariate, the F value remained significant at the 2% level (F value 1 87, df 2,26; p < 0 02).
There was no difference in performance between patients on carbamazepine monotherapy and untreated patients, except with the movement detection task (p < 0 05). Patients treated with carbamazepine and one other anticonvulsant did less well in choice reaction time, back digit span, paired association learning (all p < 0-05) than the epileptic control group and in performance IQ and forward and back digit span (all p < 0-05) than the monotherapy patients. The polypharmacy group also reported greater sedation and side effects than the other patients (all p < 0 05). Spearman correlations between carbamazepine and CBZ-E concentrations and test scores are outlined in table 4. There were significant negative correlations for four tests with carbamazepine and for seven tests with CBZ-E. The relationships between carbamazepine and CBZ-E and choice reaction time and threshold detection are illustrated in figs 1 and 2 respectively. The poorer correlation between CBZ-E as a percentage of carbamazepine (two tests only) suggests that carbamazepine and CBZ-E exert independent effect on psychomotor function. Circulating levels of CBZ-E (r = 0-35, p = 0-14) but not carbamazepine correlated positively with seizure frequency.
To compare directly performances of patients with high and low concentrations, the sample was divided into two groups; those with carbamazepine levels < 10 0 mg/l (n = 18) and those > I0-0 mg/l (n = 20 
Discussion
The three groups of patients in this study were not absolutely matched for seizure frequency or duration of epilepsy. Not surprisingly also, both the carbamazepine groups reported a higher seizure frequency and longer duration of epilepsy than the controls. Previous research has provided evidence to suggest that these factors are associated with poorer cognitive performance. 4 16 Thus, any superiority shown by an untreated control group may be due to combination of three factors: low seizure frequency, short duration of epilepsy and no anticonvulsant medication.
Multivariate analysis demonstrated, however, that the test battery as a whole still discriminated between the groups when fit frequency was taken out as a covariate. Thus it may be concluded that the variance between the groups is not attributable to the effect of seizures per se.
(1) Comparison between monotherapy patients and untreated controls
The point of interest here is that the control group showed superiority on only one test: movement detection. The similarity between epileptic controls and carbamazepine monotherapy patients despite their higher seizure frequency allows the inference to be drawn that carbamazepine produced negligible cognitive impairment. This is in accordance with previous findings by other workers.9 11,17 Nevertheless, patients who develop severe psychomotor impairment with carbamazepine areunlikelyoto tolerate the drug long-term and so will exclude themselves from study.
(2) Comparison between monotherapy and polypharmacy patients
Carbamazepine monotherapy and polypharmacy patients were well matched for seizure frequency and duration of epilepsy. The monotherapy group was found to be superior in performance IQ, forward and backward digit span and both sedation and side effect scores. Patients were not randomly allocated to the Gillham, Williams, Wiedmann, Butler, Larkin, Brodie treatment conditions and so it cannot be concluded that the cause of these differences lies purely in their treatment; some unmeasured factor cannot be excluded. However, the results do confirm that in a clinical population where therapies have not been determined by experimental design, there are real differences between patients taking carbamazepine alone and those taking it in combination with another drug. This finding supports a deleterious effect of polypharmacy on overall cerebral function.8'9 18
The active metabolite, CBZ-E, has anticonvulsant efficacy similar to the parent compound in animal epilepsy models19 and is more potent than carbamazepine in the treatment of trigeminal neuralgia.20 CBZ-E is also known to contribute to carbamazepine neurotoxicity.21 In this study, CBZ-E levels in the polypharmacy group were almost double those of the monotherapy patients with equivalent carbamazepine concentrations. This association is well known22 -23 and is related to induction of carbamazepine epoxidation by phenytoin and phenobarbitone22
and inhibition of CBZ-E breakdown by sodium valproate.24 Thus, CBZ-E may have contributed substantially to the psychomotor impairment experienced by the polypharmacy patients in this study.
(3) Concentration-effect relationships Performance on four and seven tests deteriorated with increasing carbamazepine and CBZ-E concentrations respectively. Andrews et al1' found a relationship between circulating carbamazepine levels and performance on a tracking task. In view of the inter-individual variation in response to these tests, large groups of patients require to be studied over a wide range of carbamazepine concentrations which may explain the inability of others to document such a clear-cut concentration-effect relationship.14 25 It is worth noting that more tests showed a Concentration-effect relationships with carbamazepine and its epoxide on epileptic patients significant correlation with CBZ-E than with total carbamazepine. This suggests that CBZ-E may be more important in producing performance decrement. If cognitive impairment were solely attributable to the effects of CBZ-E on cerebral function, the ratio of CBZ-E to total carbamazepine would be expected to be a more sensitive predictor of dysfunction than total carbamazepine. That it was not supports an independent effect of both carbamazepine and its metabolite in producing psychomotor impairment.
The term "impairment" in this context is relative; the carbamazepine group performed significantly worse than an appropriate control group on only one task. Nevertheless, the general trend was towards poorer performance with increasing carbamazepine and CBZ-E concentrations. 
